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(54) PROCESS FOR PREPARING CHLORINATED 
HYDROCARBONS 



(71) Wc, SUMITOMO CHEMICAL 
COMPANY, LIMITED, a Japanese Com- 
pany, ol No. 15, Kiiahama 5-Chome, Higashi* 
ku, Osaka-Shi, Osaka, J^an, do hereby 
5 declare the inventian for which we pray that a 
parent may be granted to us, and the method 
by which it is to be pcrformcid, to be particu- 
larly described in and by the following state- 
ment: — 

10 This invmtion relates to a process for pre- 
paring chlorinated hydrocarbons by oxychlori- 
nation. More ^edfically, the invention relates 
to a process for prepanng chlorinated hydro- 
carbons and/or highly chlorinated hjrdro- 

15 carbons by oxychlorination of hydrocarbons 
and/or of partially chlorinated hydrocarbons 
respectively (for brevity these may be referred 
to hereinafter as "stardng hydrocaibwas^')*, ^ 
which the oxycWorination is carried out using 

20 a molten s^t catalyst. 

It has previously been known (for example, 
as disclosed in United States Patent Specifica- 
tion No. 3,557,229), to use a molten salt cat- 
alyst comprising a copper chloride for the pro- 

25 ducrion of chlorinated hydrocarbons such as 
monochloroethylene, 1,2-dichloretbanc ot 
monochlorocdiane by oxychlorination of ali- 
phatic hydrocarbcms. However, the molten salt 
catalyst used in the U.S. Patent Spedficarion 

30 has low activity, and cannot yield highly 
chlorinated hydrocarbons; such as torachloro- 
methane, trichloroediylene or teoradiloro- 
eth^enc, as main products. Furthermore, the 
conversions of the starting hydrocarbons to 

35 chlorinated hydrocarbons are low; arxi the use 
of such a mcdten salt catalyst also has die dis- 
advantage that combustion of very large quan- 



tities of the starting hydrocarbons occurs, caus- 
ing an extremely great loss thereof. 

In view of diis situa'ticm, we have sought 40 
moten ^t catalysts for ^ production of 
chlorinated hydrocarbons from hydrocarbons 
and/or partially chloxinated products dicxeof 
by oxychlcrination and which are free from the 
above-described disadvarmiges. 45 

Accmiing to the present invention, there is 
provided a process for preparing chlorinated 
hydrocarbons comprising oxychlorinating a 
starting hydrocarbai as herein defined with 
oxygen and chl^ine and/w hydrogen chloride 50 
by contacting the xeactants with a molten salt 
catalyst at a tempeiatupe of from 250 to 
650°Q said catalyst comprising the following 
components to a total of 100% : (1) from 95 
to 50 mole % of copper chloride as herein 55 
de&ied or a miactore of csopper chloride and of 
an alkali metal chloride and/or an alkaline 
eardi metal chloride, and (2) from 5 to 50 mole 
% of at least one chloride of! a metal selected 
from iron, manganese^ chromiinn, nickel, pal- 60 
ladium and die rare earth metals. By a start- 
ing hydrocarbCHi we mean herein a hydr^>- 
carbo:^ a paitially chlorinated hydrocarbon, or 
mixtures of said hydrocarbwi and said par- 
tially chlorinated hydrocarbon, 

The process of this invention can be applied 
very effectively to die prodiiction of partially 
chlorinated hydrocarbons such as monochloro- 
metiiane, monochlOToediylcne, l,2-di chlw >" 
gthangj monodiloroethane, monochloropropy- 
lene, monochlorobenzene cr dichlor6benzeJic, 
and higjdy chtorinated hydrocarbons havmg at 
least one carbon atom per molecule tt> ^ch at 
least two chlorine atoms are bonded, such as 
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tricfalofDmeihaiie, tBtrachloromethane, tu* 
diloroediylai^ tetxttcfaloroethyleDe or tridiloro- 
ethane. 

The molten salt catalyst used in this inven- 
5 tion comprises (1) copper chloride (dus term 
is used in this specification tz> include both 
cupric and cuprous chloride) or a mixture of a 
copper chloride and an alkali metal chloride 
and/or an alkadine earth metal chloride and 

10 (2) at least one chloride of a mfftal selected 
frwn iron, manganese, chromium, nidcel, pal- 
ladium and the rare earth metals. 

The chloride (1) and the chloride (2) are 
used as a mixture of 95 to 50 mole % of (1) 

15 and 5 to 50 mole oi (2), preferaWy as a 
mixture of 93 to 60 mole % of (1) and 7 to 
40 mole % of (2). When the proportion of the 
chloride (2) is less than 5 mode the result- 
ing catalyst becomes unsatisfaccoxy: if "die 

20 chloride (2) is a chloride of iron^ manganese 
chromium, or nickeU the cacdysc has low 
sdecdvity to highly chlorinated hydrocarbons; 
and if the chloride (2) is a chlozide of palla- 
dium or a rane earth meml, the decompo^dcm 

25 of the starting hydrocarbon occurs principally^ 
resulting in a decrease in the yidd of the 
chlorinated hydrocarbon. On the other hand, 
if the proportion of tiie chloride (2) exceeds 50 
mole %, the molten salt is lost by volatOiza- 

30 tion, and^ moreover^ an economic disadvantage 
results because of the need for a great quantity 
of expensive salt. 

As the chloride (1), there may be used cop- 
per chloride or a mixture of copper chloride 

35 and an alkali metal chloride and/or alkaline 
earth metal chloride. The alkali metal cblcnide 
is preferably lithium chloride, sodium 
chloride, or poitassium chloride and as 
the alk^dme earth metal chlorid^ magnesium 

40 chloride is preferred. The alkali metal chloride 
and/or alkaline earth metal chloride are used 
mainly to lower the melting point of die molten 
salt catalyst. Ustially, not more than 2 moles., 
preferably not more than 1 m(A&, of the alkali 

45 metal chloride and/or the alkaline earth metal 
chloride is used per mole €i the cf^per 
chloride. 

Examples of the chloride (2) are iron 
chloride, manganese chloride, chromium 

50 chloride, nidcd chlorid^ palladium chloride, 
lanthanum chloride, cerium chloride, praseo- 
dymium chloride, and neodymimn c&oride, 
which may be used cither alone or as a mixture 
of two or more diereof . 

55 When a molten salt comprising the chloride 
(1) and less than 5 mde % of die chloride (2), 
for example neodymium chloride^ is used as a 
catal3rst, a rccomposition reaction occurs and 
the catalyst is not effective for the production 

60 of chlorinated hydrocarbons. However, if a 
chloride of (2) is further added thereto to 
adjust the proportion of the chlorides (2) in 
total to 5 mole % or more;, the moltm salt can 
be a very effective catalyst for oisycbIorinad(Hi 

65 of hydrocarbons. 



A further requirement of the molten: salt - 
catalyst used in the present invention is that 
it should have a melting pdnt of not more 
than 650^C 

The starting hydrocaxbcms used in diis 70 
invention include, fix example^ aliphatic ' 
hydrocarbons having 1 to 4 carbon atoms such 
as methane^ ethane^ ediyleae, propane^ propy- 
lene, n-butanc^ n-butylen^ isobutane, iso- 
butylen^ and butadiene; and partially chbri- 75 
nated products of said hydrocarb(ms such as 
monochloroetliane, 1,2-dicfaloroediane^ 1^1>2- 
trichloroediane m li4-dichlon>butane; aro- 
matic hydrocarbons sudh as benzeae^ toluene, 
xylene;, ethylbenzene, nai^tibaleoe or anthra- 80 
cene; and partially chlorinated products of 
th^ aromatic hydmcarbtHis. Of course, it is 
possible to obtain highly chlorinated hydro- 
carbons by recycling the partially chlorinated 
hydrocaibons obtained by the process of this 85 
invention. 

The starting hydrocarbon can be fed either 
as a gas or a liquid or also as a mixture wid^ 
a dihicnL The chlorine source used for oxy- 
(iilorinatiim may be hydrog»i chlmidej 90 
chlorine or a mixture thereof. 

As the oxygen source^ not cmly oxygon alone 
but sdso air or a mixture of oxygen and an 
inert gas, preferably air> may be ised. 

In perfoiming the process of this invention^ 95 
the ratio of the starting hydrocarbon, chlorine 
source and oxygen to be fed is not particularly 
restricted, but is determined according to the 
starting hydrocad^on and the desired chlcni- 
nated hydrocarbtm. Generally^ the chlorine 100 
source is used in a ratio of 0.1 to 20 m(^ as 
chlorine (Qs), per mole of the starting hydro- 
carbon. When chlorine is used as the chlorine 
source, 0.05 to 2 mole of oxygen is preferably 
used per mole of chlorine, and when hydrogen 105 
chloride is used as the dilodne source^ 0.05 
to 2 mole of oxygen is pre£erably us^ per 
mole of hydrogen chloride. 

The catalyst is used in the molten state held 
at a temperature of 250 to 650**C, preferably HO 
300 to 6Q0^d When the temperature of the 
molten salt catalyst is below 250^C, the con* 
version oi the starting hydrocarbon becomes 
extremely low. If the tempemtore of die 
molten salt catalyst exceeds 650**Q tiie start- 115 
ing hydrocarbon undergoes decomposition, and 
great quantities of it are lost The molten salt 
catalyst used in this invention also inchides a 
catalyst system which is not in the molten state 
throughout the entire temperature range of 120 
from 250 to 650*^0 For example;, for a cat- 
alyst having a melting point of 400^Q the 
reaction is carried out at 400 to 650^0. 

The reaction pressure used in performing 
the process of this invention is not particdariy 125 
restricted, but generally the reaction is per- 
formed at 0 to 30 Kg/cm® gauge. 

The residence time in the process of this 
invention varies somewhat according to -die 
reaction temperature^ the mc^ ratio of the 130 
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startiag materials, the type of the catalyst sys- 
tem and the de^red product Generally, a resi- 
denoe time of from a fractioii of a seocmd to 
60 seconds is sufficient. 

5 The oxychlorination of the starting hydro- 
carbon can be performed conyenlentiy by 
blowing the starting hydrocartxm into the md- 
ten salt catalyst described abofve or passing it 
over th:; surface of the molten salt catalysL In 

10 shon, k v» only necessary to bring the starting 
hydrocarbon ro be oxychlorinated into cc«itact 
vri&i the molten salt catalyst 

Hovrwcr, if the starling hydrocarbon and 
oxygen are fed into the molten salt catalyst 

15 ill the furni of a mixture;, a combustion reac- 
tion occurs to cause a loss of the starring 
hydrocarbon. Therefore it is usually jKeferred 
that ihc starting hydrocarbopj die chlorine 
fourcc and oxygen should be fed separatdyj 

20 or the starring hydrocarbon and the dilorine 
boufce. w the chlorine source and oxygen, 
shmild c2ch he fed as a mbcture: Preferably, 
the ruaion is carried out by introducing the 
starung h^-drxarbon- chlorine sotirce and oxy- 

25 pen inio rnr meter; or a chlorinating reactor 
for ihr s:^rtin^ h\ Jrix:arbon and an oxidizing 
reactor for ihr oioUcn salt catalyst are pro- 
vided vpari rK, and the molten salt catalyst 
in both of thrtc rcnciors is circulated. In the 

30 latter i>t>c of rcictioo, the starting hydrocarbon 
alone or a mature of it with the chlorine 
source li fcJ into the former reactor, and oxy- 
gen or a mixtxire of it uiih the chlorine source 
is fed mxo the biicr reactor. However, the 

35 reaction in aorordancc ivith the process of diis 
invention i» not limited to these illustrated 
types. 

The process of this invention described in 
detail ab-»ve makes it possible to prepare 

40 chlorinated hydrocarbons;, especially highly 
chlorinated bydrocarbras such as trichloro- 
mcthanc, ictnchloromethane, trichloroeihylai^ 
leirachlorucihylcnc or trichlorocthane, in hi^ 
yields as cooiparcd with the pxeparaticm of 

45 chlorinated hydrocarbons by oxychlorination of 
hydrocarbons and/or partially chlorinated pro- 
ducts tbdvof using the known molten salt 
catalyst, and it has very great commercial sig- 
nificance. 

50 Furthermore, the molten salt catalyst used 
in this invent ion has a very hi^ chlorinating 
abilit)' for hydrocarbons as compared with the 
convenuoaal molten salt catalyst, and the com- 
bustion of the starting hydrocarbons does not 

55 occur easily. The use of the molten salt catalyst 
in the present invention has the advantage that 
it considerably reduces the formation of oxida- 
tion by»products of the starting hydrocarlxHis 
in conipa risen with the conventional method of 

^ producing chlorinated hydrocarbtms by oxy- 
chlorination using a catalyst supported on a 
carrier and can increase the conversion of the 
starting bydrocarixms to hi^y dhlorinat^ 
hydrocarbons. In addition, the reaction of this 

65 invention is very easy to control. 



Tlie present invention will be illustrated in 
greater detail below by reference to the 
Examples, which are for the purpose of illus- 
tration and arc not in any vmy intended to 
limit the present invention, and to Comparative 70 
Examples. 



Example 1. 
A **PyTex"* glass reactor having en ixmer 
diameter of 60 irun and a heig^ of 500 mm 
and equipped with two glass Wow pipes (liquid 75 
depth 10 cm) was charged widi 339 cc of a 
molten salt composed of 15 mole % of ferric 
chloride and 85 mole %, in total, of cuprous 
chloride, cupric chloride and potassium 
chloride, the mole ratio of ±e copper chlorides 80 
to potassium chloride being 7:3. The molten 
sah was heated and maintained at 4S0°C Into 
the molten salt were fed 100 cc/min. of ethy- 
lene from one blow pipe, and 100 cc/min. of 
hydrogen ^oride and 125 cc/min. of air frcxn 85 
the other blow pipe. The oxychlorination 
reaction of eth)dene was performed continuous- 
ly for 40 minutes. The effluent gas from the 
reactor was cooled to —30*^0 The reaction 
product was collected and analyzed uang gas- 90 
chromatography (The same analytical method 
was used in all of the following Examples), 
The conversion of ethylene was 99%* The 
composition of the product was as shown in 
TaHc 1. 95 



Table 1. 

Product 
Monochloroethylene 
1,2-Dichloroethane 
1 ,2-cir-Dichioroethylene 
1,2-trans-DichIoroethylenc 
1,1-Dichloroethylene 
Trichloroethylcne 
l,i;i-Trichlorocthane 
TetTBchioroethylene 




Total 



100.0 



100 



105 



Example 2. 
The oxydJorinaticm of ethylene was per- 
formed in the same way as set forth in 
Example 1 except tiiat there was used a molten 1 10 
salt composed of 10 mole% of neodymium 
chloride and 90 mole%5 in total, of cuprous 
chloride, cupric chloride and potassium 
chloride, the mole ratio of the cc^po* chloride 
to potassium chloride being 7 : 3. The reaction 115 
product was collected and analyzed. The 
c<mversion of ethylene was about 100%, and 
the Gompodtion of the product was as ^own 
in Table 2. 



"Pyrex" is a Registered Trade Mark. 
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Table 2. 




Product 


Wdght % 


Alonociiloroethyleae 


0.1 


l,2-ciJ-Dichloxoeth7leiie 


4.3 


l,2-£raR5-Dic!iloxocxbylaie 


3.3 


IjZ-Dicfaloroethane 


trace 


1,1-DlchloToetiiylene 


1.0 


Triddoro^ylene 


25.3 


l,l,2*Trkh!oroedi2ne 


trace 


TetzachloTomechane 


8.9 


Tetrachloroediyleiie 


57.0 


Total 


99.9 



Example 3. 

The same reactor as used in Example 1 was 
charged with 339 oc a mixture of 10 mole% 
of manganese chloride and 90 molc% in total, 
of cuprous chloride^ cupric chloride and potes- 
sium chloride, -die mole ratio of the copper 
chloride to potassium dilonde being 6:4, and 
then heated and maintained at 510°C 

Into the molDcn salt were introduced 45 
cc/min of methane from one blow pipe and 
180 cc/min. of hydrogeo diloride and 225 
cc/min. of air from the other blow pipe, and 
the oxydilorinaticMi of methane was perf armed 
continuously for 40 minutes. The effluent gas 
from the reactor was cooled to — lO^C The 
reacdc»i product was collected and analyzed. 
The conversion of methane was about 100%, 
and the composition of the prodxKt was as 
shown in Table 3. 



Table 3. 

Product 
TeOBchlorometfaane 
Trichloroethylene 
Tetrachlcnro^ylene 




Total 



loao 



Example 4. 
The oxychlorination of methane was per- 
formed by the same method as set forth in 
Example 3 except that a molten salt composed 
of 10 mole% of ferric chloride and 90 mole^ in 
total, of cuprous chloride cupric chloride and 
potassium chloride, the mole ratio of the cop- 
per chloride to potassitmi chloride being 6:4, 
was used, and &e temperature of the molten 
salt was maintained at 450^C. The inaction 
product was collected and analyzed. The con- 
version of methane was 99%, and the com- 
position of the product was as shown in Table 
4, 

Table 4, 

Moaodhloromerhang trace 
Dichloromethane 3.2 
Trichlorwnethanc 7.8 
Tetrachloromethane 88.0 
TridiloroeAyime trace 
Tctradilorocihylene 0.9 



E^mple 5. 
Hie oxydilorination of propane was per- 
formed in the same way as set forth m 
Example 1 except that ^ere was used a molten 
salt catalyst composed of 5 moIe% of mag- 
nesium chiwide, 38 mole% <^ foxic chl<»ide 
and 57 mQle%, in total, of cuprous chhmde 
and cupric ctdoride, and the temperature of 
the molten salt catalyst was maintained at 
500°C. The reacti<Mi produa was collected, 
and analyzed. The conversion of propane was 
about 100%, and the composition of ifae 
duct was as shown in Table 5. 



Table 5. 




Product 


Weight % 


Monochloroediyiene 


trace 


1,2-ctr-Dichloroethyieae 


0.1 


1,2-trscair-Didiloroethjiene 


0.1 


1,1-DichlQrocthyleoe 


trace 


Tetrachlc^omethane 


24,1 


Trichloroethylene 


5A 


Tctraddorocthylene 


702 


Total 


99S 



Example 6. 
The oxychlorination of propylene, was per- 
fonned in the same way as set forth in 
Example 1 except that there was used a molten 
salt catalyst composed of 10 mok% of palla- 
dium chlorMe and 90 mole% in toml of 
cuprous chloride and cupric chloride, and the 
temperature of the molten salt was maintained 
at 490°C. The reaction product was collected, 
and analyzed. The conversion of prtjpylene was 
about 100%, and the ctHupo^on o{ the pro- 
duct was as shown in Table 6. 



Table 6. 




Product 


WdgJU % 


M<Hiochloroethylene 


0.1 


1,2-cir-Didiloroethylene 


0.1 


Tcorachloromethane 


40.6 


Trichlorocdiylene 


8.9 


Tetradhloroahylene 


50.3 


Total 


100.0 



Total 



99.9 



Comparative Example 1. 
The procedure of Example 6 was repeated 
except that there was used a mcdten salt cat- 
alyst composed of 0.5 mole% of palladium 
chlOTide and 99.5 mole% in total of cuprous 
chloiMe and cupric diloride. The product 
obtained consisted of carbon, hi^ boiling tar, 
CO and COs. The formati<ak of chlorinated 
hydrocaibohs substantially was not observed. 

Example 7. 
The procedure of Example 5 was repeated 
except tiiat a chlorinated hydrocarbon mixture 
of the ccanposition shown in Table 7 was used 
as the starting hydrocarbon. The recovery was 
about 100%, and tiie con^osition of die i»o- 
duct was as shown in Table 8. 
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Table 7. 

Siartmg Hydrocarbons Weight % 

1,2-DichloroediaDe 38.0 

Tetrachlctiomethane 0.5 

1,1,2-TrichloroeihQne 49J 

Teiradiioroetfayienc 1.2 

1,4-Diciilorobuiane 11.0 

Total 100.0 

TaUeS. 

Product Weight % 

1,2-dVDidilorocthylene 3.1 

l^-from-Dichlaroethylaie 2.0 

1.1- DidilOToeihylene 1.5 
Tiidilorocthylcae 18.5 
TetradJoromethane 17.3 
Tcrrachlorocthylcnc 57,6 

Total 100.0 

Example 8. 
The ox3'chloiination of ethylene was per- 
formed in the same way as set foffih in 
Example 1 except that there was used a moltoi 
sale caalyst composed of 15 mole% of ferric 
chloride, 0.5 mole% of neodyraium chloride 
and 84,5 mole%, in total, of cuprous chloride, 
cupric chloride and potasdum chloride, with 
the mole ratio of the copper chloride to potas- 
sium chloride being 7 : 3. The reacdoa product 
was collected, and analyzed. The conversion of 
ethylene was 987^, and the composition of the 
product was as shown in Table 9. 

TaWe 9. 

Product Weight % 

Monochlorocthylcnc 0.8 

1,2-ctj-Dichloroeihylene 2.9 

l,2-^<»w-Dichloroediylene 9.0 

ly2-Dichloroeihane 0.4 

1.2- Dichlon)ediylene 0.6 
Tetrachloromethane 1.0 
Trichloroethylene 3 IJZ 
1,1^-Trichlorocthanc trace 
Tecradiloroedkylene 54.1 

Total 100,0 

When the above procedure was repeated 
using praseodymium chloride instead of nco- 
dymium chloride, almost the same product as 
above was obtained. 

Example 9. 

A *Tyrex" glass reactor having an imier 
diameter of 60 mm and a height of 800 mm 
and equipped widi two blow pipes of glass 
(Uquid depth 43 an) was diaiged widi 1272 cc 
of a molten salt composed of 10 mole% of 
ferric chloride and 90 molc% in total of 
cuprous chloride, cupric chloride and potas^ 
sium chloride the mole ratio of the copper 

chloride to potassium chloride bdng 7 : 3, and 



the molten salt was heated and maintained at 
330^^0 Into the molcem salt were introduced 
100 cc/min. of ethylene from one blow pipe 
and 100 oc/min. of hyvlrogen chloride and 125 
cc/min. of air from die other blow pipe^ and 
the oxychlorination of ethylene was performed 
continuously for 40 minutes. The effluent gas 
from the reacdon tube was cocked to — 30^C 
The reacdcHt product was collected and 
analyzed. The conversion of ethylene was 98%, 
and die compodtioa of the produce was as 
shown in Table 10. 



Table 10. 

Product 
Monochlorocthylene 
l^Z-Dichlcx-oediane 
l,2-€t5-Dichloroethylene 
lj2-/ranr-DidikHoethyiene 
1,4 Didilcnrobutane 
1,1-Dichloroedi^eDe 
Trichloroedi:^e 
l,i;2-Tricbloroediane 
Tetrachloroexhylene 

Total 




60 



65 



70 



75 



100.0 



Example 10. 
The procedure of Beample 1 was repeated 
except that there was used a molten salt cat* 
alyst composed of 9.9 mole% of manganese 
chloride, 1 moleVe of palladium chloride and 
89.1 molc%, in toial, of a^rous chloride, 
cupric chloride and potasaimi chloride, the 
mole ratio of the copper dilcmde to potassiimi 
chloride being 6:4; and n-butane was used 
as the starting hydrocarbon. The reacdon pro- 
duct was collected, and analyzed. The con- 
version of n-butan was abotit 100%, and the 
composition of the |»rodua was as shown in 
TaWe 11. 



TaWe 11. 

Product 
Tetradiloromethane 
Tridilaroethylene 
Tetzachloroethylene 
Hexachlorobutadiene 

Total 




100.0 
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Example 11. 
The ojorchlorinarion of ethylene was per- 
fonned in the same way as set forth in 
Example 1 except that there was used a molten 
salt composed of 10 mole% oi ferric chloride 
and 90 mole^ in total, of cuprous diloride, 
ciq[>ric chloride and potassium chloride, the 
mole ratio of the copper chloride to potas- 
siimi chloride being 7 : 3, and the tempeiatine 
of the molten salt was maintained at 330^C 
The reaction product was collected, and 
analyzed. The convenicm of ethylene was 
90%, and die composition of the product 
was as shown in Table 12. 
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Table 12. 




Product 


Wdght % 


WLonochl OTTO eth v! en p 




Monodiloroethaiie 


0.1 


IjZ-dj-Dichloroahyiene 


2.6 


l>2-tranx-DicfaloTDediylcne 


0.4 


l^-Dichloroetfaane 


70.5 


Ijl-DicblOToethyJene 


0.4 


Tridiloroeihylene 


4.6 


l>l^'>Tncbloroediaiie 


ZO 


Tetrad&loroethyleae 


11.9 


Total 


100.0 
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Comparative Sxample 2. 
The c^chlorinadon of ethylene was per- 
f onned in ilie same way as sec fordk ia 
Example 1 excqjt that there was used a moiten 
salt catalyst composed of 70 mf^%> in total, 
of cuprous cfaloiide and cupric chloride and 
30 moIe% of potassium dilaride. The 
pnxluct was collected^ and anaiyz&L The con- 
vcTMon of ediylene was 55%, and the com- 
position of die prodaa was as shown in Table 
13. 

TaWe 13. 
Alonodhloroethylene 35.2 
l«2-ci5*Didiloroahyleae 4.4 
l,2-/j-aitt-DichloioethyIene 7.1 
]y2-Dicfal<xt)eihane 13.2 
1,1 Dicbloroediylene 0.7 
Trichloroedi^^ene 5.8 
l,i;2-Trichlo«)ediane 2.5 
TetrachlcM'oethylene 22.6 
CO, CO, 8.5 

Total 100.0 

Comparative Example 3. 
The oxychlorinaticm of ediylcaie was per- 
formed in the same way as set f<»tili in 
Example 11 except that there was used a 
molten salt catalyst composed of 70 mo3e%> in 
total, of ci]^rous chloride and cupric dil<aide 
and 30 mole% of potassium chloride. The 
reaction product was collected, and analyzed. 
The oKiversiotn oi ethylene was found to be 
20%, and the composition of the product was 
as shown in TaUe 14. 



Table 14. 




Product 


Wdght % 


M onochloroediyleaQe 


1.8 


Alonochloroediane 


trace 


1 >2-ctf -Diddoro^ylene 


1.3 


l,2-/ran^-Dich]cxoediyiene 


03 


1,2-Dichloroethanie 


763 


l,l*Dichloro^ylene 


03 


Tiichloro ethylene 


4.8 


1,1,2-Trichloroediane 


0.7 


Tetrachloioeihytene 


8.5 


CO, COa 


5.7 


Total 


99.9 



Example 12. 
A 'Tyrex*' glass reactor having an inner 
diameter of 60 mm and a height of 500 mm 
and equipped with two blow pipes of glass 
(d^tfa of liquid 10 cm) was char:|ed with 339 
cc of a molten salt ccEmposed of 10 male% 
of chromic chloride and 90 mole% in total of 
ciq>rous chlozfde, cupric chloride and potas- 
sium chloride the mole ratio of the co{^)er 
chloride to potassium chloride being 7: 3, and 
the molten salt was heated and maintained at 
480^C Then:, into the molten salt were intro- 
^ced lOO cc/min. of ediylene fnHU one blow 
pipe and 100 cc/min. of hydrogen ddoridc and 
125 cc/min. of air from die other pipe, and 
tiie 0!X3«±lorination of ethylene was perfcnned 
continuously for 40 minutes. The efiQuent gas 
from the reactor was cooled to — 30®Q The 
reaction product was collected> and analyzed. 
The conversion of ethylene was found to be 
about 100%, and the composition of the pro- 
duct was as shown in Table 15 bdow. 



Table 15. 




Product 


Wdght % 


Monochloroethyiene 


40.5 


1,2-Dichloroetfaane 


2.2 


1,2-dj-Dichloroetiiylene 


15.4 


1 >2-tra«x-Dichloroeti^lene 


7.2 


l,l»Dichloroetbylene 


3.1 


Trichioroethyiene 


14.0 


1 ,1,2-Trichloroediane 


1.7 


Tetrachloroohylene 


14.9 


Tetradiloromethane 


1.0 


Total 


100.0 



Example 13. 
The same reactor as used in Example 12 was 
charged with 339 cc of a molten salt catalyst 
composed of 7 mole% of nickel chloride and 
93 mole%, in total, of cuprous chloride, cupric 
diloride and potassium chloride^ the mole ratio 
of the copper chloride to potassium chloride 
being 6:4, and heated to 510°C Then, mto 
the molten salt were introduced 45 cc/min. of 
methane from one bglow pipe and 180 oc/min. 
of hydrogen ddoride and 225 cc/min. of air 
from die other Uow pipc^ and the ozychlori- 
nation of methane was pecformed condnuoudy 
for 40mmute& The e&hient gas from the reac- 
tor was cooled xo — lO^C. flie reaction pro- 
duct was collected, and analyzed. The conver- 
sion of methane was found to be about 100%^ 
and the composition ctf the product was as 
shown in Table 16. 



Table 16. 

Proditct 
Trichlonnnediane 
Tetrachloromethane 
Trichioroethyiene 
Tearachlcwoediylene 

Total 




60 



65 



70 



75 



80 



85 



90 



95 



100 



105 



110 



115 



100.0 



When above procedure was rq>eated 
except using 3 mole% nickd chloride and a 
4 maleyo ol manganese diloride insiead 7 
moleyo nidcel chloride, the conversion of 
5 methane was about 100% and the composi- 
tion of the produa was almost the same as 
above. 

Example 14. 
The oxychlorination of propane was pCT- 

10 formed in die same way as sa forth in 
Example 12 except diat there was used a 
molten salt catalyst composed of 5 mole% of 
nidcd chloride, 5 mole% of fa«c chloride 
36 mole% of potassium cMoride and 54 

15 mole%i ^ cuprous chloride and 

cupric chloride the temperature of the mdten 
salt was maintained at SOO^C, and 50 cc/nun. 
of propane, 400 cc/min. of hydrogen chloride 
and 1000 cc/min. of air were fed into the 

20 reactor. The reaction product was collected, 
and analyzed. The conversion oi propane was 
found to be about 100%, and the compositicm 
of the product was as shown in Table 17. 

Table 17. 

25 Product 

Monodiloroethylene 

1 ^-cw-Dichloroethylene 

l,2-^rfln5-Dichloroediylene 

1 ,1 -Diddorocthyienc 
^ Tetrachioromethane 

Trichloroethylene 

Tetrachlc^oethylaie 



35 




Total 



99,9 



Example 15. 
The oxydjlorination of propylene was p^- 
formed in the same way as set forth in 
Example 14 excq>t diat dxere was used a 
molten salt catalyst composed of 4 mole% of 



dsromium dbloride, 4 mole% of palladimn 
chloride^ 55 mole%, in toial, of cuprous 
dbloride and ciq>ric chloride, and 37 mole% of 
pocEtssium cfalcride^ and the temperature of the 
molten salt was maintained at 490^C The 
reaction product was collected^ and analyzed. 
The conversion of prc^ylene was found to be 
about 100%. The compositiott of die product 
was as shown in Table 18. 

TaWc 18. 
Product Weight % 

Monochloroediylene 0.1 

i;2-c£5-Dichlorocihylcne 0. 1 

Tetrachioromethane 35.7 

Tridilorocthylcne 7.4 

Tetracidoroethylene 56.7 

Total 100.0 



40 



45 



50 



55 



Examples 16 to 19. 

A quartz reactor having an inner diameter 
of 50 TTim and a height of 800 mm and 
equipped with two blow pipes was charged 
with a molten salt catalyst ci the composidon 
indicated in Table 19, and the catalyst was 
maintained at a temperamre indicated in 
Table 19, Then, into the molten 
salt were introduced be n zene in the 
gaseous state and nitrogen from <Mie pipe 
and hydrogen chloride and air from the odier 
pipe, and the oatychlorination of benzene was 
performed continuously for one hour. The re- 
acticHi conditions and the results obtained are 
shown in Table 19 below. 

For contiparison, die Example 16 procedtire 
was repeated except that a molten salt com- 
posed of 40 mole% of potassium chloride and 
60 mole%, in total, of cuprous chloride and 
cupric diloride was used. The convcraon of 
benzene was found to be 18%. 



60 



65 



70 



75 



TABLE 19 



Reaction Condition 

Composidon 
of the Molten 
Salt (mole%) 



Temperature (X) 



Ezanq>le Nos. 


16 


17 


18. 


19 


Mna, 15 


same as in 


NdQ, I 


PdQs 1 




Example 16 






Ka 34 




Fea, 14 


FeQ 14 


CaQt 




KQ 34 


KQ 34 


+Ctta 51 












CuQ. 


CuQ, 






+Caa51 


+Caa 51 


500 


400 


500 


500 



Reaction Condition 

Feedstock 
Benzene (mole/far.) 

Hydzogen Chloride 
(Inres/hr) 

Air (litre/hr) 

Conveision of 



Composition of 
Product (Wt %) 



1.373^96 

TABLE 19 (cantinaedO 

Ezample Nos. 



16 



0.254 
18 

45 

45 



17 



0.233 
18 

6 



18 



0.264 
18 

45 

68 



19 



0.257 
18 

45 

64 



Monochlorobeazcae 


68.4 


96.7 


70.5 


64.8 


IKcUorobenzeae 


8.6 


1.1 


14.7 


18.3 


TricfatorobeDzene 


7.3 • 


0.7 


9.2 


8.5 


Tetiadilinobenzene 


5.1 


0.3 


1.4 


2.2 


Dipheoyl 


7.5 


1.1 


3.1 


4.5 


Pentachloxobenzene 


3.0 


very szoall 
amonnt 


0.7 


0.8 


HbzadiloiobenzeDe 


0.1 




0.4 


0.9 



Examples 20 to 21 

The oxjrchlorinadoii of toluene was per- was repeated except that there was used a 

formed in the same way as set forth in molten salt catalyse composed of 40 mole% 

Escaiqple 16. The reacdon conditions and the of potassium chloride and 60 m(de%, in totals 

results obtained are given in Table 20 below, of cuprous chloride and cnpric chloride. The 

For comparison, the Example 21 procedure convcr^on of toluene was found to be 5 



10 



W73,296 



TABL£ 20 



Example Nos. 



Reaction Composition 


20 


21 


Composition of the 
Molten Salt (mole%) 


CrQa 10 


NdOs 1 




Ka 27 


FeQ, 14 




CuQo 63 

+cua 


KQ 34 

CuQa 51 
+Cua 


Temperature (**Q 


.480 


350 


Feed Stock 






Toluene (mole/hr.) 


0.177 


0.159 


Hydxogen Chloride 
(lioce/hr.) 


6 


D 


Air (litrc/hr.) 


15 


15 


. Conversion of - 
toluene (%) 


83 


42 


Composition of 
Product fwt.%) 






QCeH^CH, 


47.4 


72.8 


Cij^S^S^^S 


2.4 


3.4 


ClCeH4CH8a 


1.3 




CHsCHstCl 


19.6 


1.5 


GeHsCHaa 


9.3 


11.6 


CeHjCOs 


8.5 


5.2 


Others 


11.5 


5.5 



10 



15 



WHAT WE CLAIM IS: — 

1. A process for preparing chlorinated 
hydrocartjons, which comprises oxychlorinat- 
ing a starting hydrocarbon as herein defined 
with oxygen and chlorine and/or hydrogen 
chloride by contacting tiie reactants widi a 
molten salt catalyst at a temperature of from 
250 to 650°C, said catalyst comprising the 
foUowing components to a total of 100% • (1) 
from 95 to 50 mole % of copper chloride as 
herein defiiied or a mixture of copper diloride 
and of an alkali metal chloride and/or an 
alkaline earth metal chloride, and (2) from 5 
to 50 mole % of at least one chloride of a 
metal selected from iron, manganese 



chromium, nickel, palladium and the rare 
earth metals. 

2. A process as claimed in claim 1, wherein 
the catalyst comprises from 93 to 60 mole % 
of the component (1) and frrai 7 to 40 mole % 
of the con^xHient (2). 

3. A process as claimed in claim 1 or 2, 
wherein the molar jH-oporticm of alkali metal 
diloride and/or alkaline earth metal chloride 
to copper diloride in the conqxHient (1) does 
not exceed 2:1. 

4. A process as claimed in claim 3^ wherein 
said proportion does not exceed 1:1. 

5. A process as daimed in any preceding 
daim, wbezein the chlorine source is used in 



20 



25 



30 



10 



1373^96 



10 



an amomt of from 0.1 to 20 moles, calcu- 
lated as Qs> per mole of starting bydrocarboo. 

6. A process as claimed in any preceding 
daim, herein air is used as the source of 

5 oxygen. 

7. A process as daxmed in any preceding 
claifflj vherdo! the oxygen is used in an 
amount of fr<Hn 0.05 to 2 moles per mole of 
chlorine or hydrogen chloride, 

10 8. A process as claimed in any preceding 
c]atm> wherein sasd alkali chloride is 
lithium diloride^ sodium chloride or potasdum 
chloride. 

9. A process as daxmed in any preceding 
15 daim, vAiaan said alkaline earth metal 

chloride is magnesium diloride. 

10. A process as claimed in any preceding 
claim, whereah die chlorides of tiie rare earth 
metals are lanthanum diloride^ cerium 

20 diloride;, praseodymium chloride and neo* 
dymium chloride. 

11. A process as daimed in any preceding 
daim^ vmexem dae starting hydrocarbon is an 



aliphadc hydrocarbon having from 1 to 4 
carbon atoms. 25 

12. A process as dauned in any of claims 
1 to 10> wherein the starting hydrocarbon is 
an aromadc hydrocarbcm. 

13. A process for prqiaimg chlorinated 
hydrocarbon as claimed in daim 1 and sub- 30 
stamiaUy as herein described. 

14. A process for pr^>aiing ddorinated 
hydrocarbons, substantially as herein described 
with referoice to any oq& of the foregoing 
Examples of the invenxicm. 35 

15. Chlorinated hydrocarbons \dien pre- 
pared by a process as claimed in any preceding 
claim. 
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